Based on a myocardial mechanics approach to the analysis of left ventricular contraction, several indexes have been advanced as specific measures of myocardial contractility. Although two of these indexes, Vmax and [(dP/df)/P]max, have been shown to be appropriately responsive to interventions known to alter the inotropic state, controversy has arisen as to whether they are unaffected by alterations in preload or initial cardiac muscle fiber length. This study was undertaken to determine which, if any, of the indexes obtained from myocardial mechanics analysis of left ventricular systole is independent of preload in the intact heart. Increases in left ventricular enddiastolic pressure were produced in seven dogs by infusion of dextran or whole blood and in eight patients by sudden elevation of the legs during cardiac catheterization. In dogs, elevation of left ventricular end-diastolic pressure was accompanied by a progressive decline in both Vmax and [(dP/d£)/P]max measured using total pressure (P < 0.01). In contrast, Vmax measured using developed pressure was unaffected over a wide range of left ventricular enddiastolic pressures. Similarly, in the eight patients, increases in left ventricular end-diastolic pressure induced by sudden elevation of the legs were consistently associated with reductions in [ (dP/dr)/P]max measured using total pressure ( P < 0 . 0 1 ) , but these changes in pressure had no effect on developed pressure Vmax. In the intact heart, measurements of myocardial mechanics using developed pressure appear to be independent of preload, but similar measurements using total pressure are inversely dependent on preload. This finding raises doubt as to the validity of total pressure measurements as indexes of myocardial contractility.
heart is illustrated by the observations of Sarnoff and Berglund (1, 2) on the family of ventricular function curves. Their investigations and those of others (3, 4) indicated that a series of Frank-Starling curves characterizes any given ventricle, with each curve representing a different level of what has come to be termed "myocardial contractility." As illustrated in Figure 1 , for any given curve, changes in end-diastolic pressure or volume (preload) are accompanied by corresponding changes in ventricular performance (plotted as ventricular stroke work), all accomplished at the same level of myocardial contractility. When the background level of myocardial contractility is augmented (e.g., by digitalis, catecholamines, or cardiac sympathetic nerve stimulation), a new inotropic steady state is achieved, and the
GROSSMAN, HAYNES, PARASKOS, SALTZ, DALEN, DEXTER

EDP.EDV, OR RESTING FIBER LENGTH FIGURE 1
Schematic representation of the family of ventricular function curves, modified from Samoff and Berglund (1). The transition x->y represents an increase in ventricular performance accomplished by augmentation of myocardial contractility, and the transition x-»z represents increased ventricular performance accomplished by the Frank-Starling mechanism at a constant level of myocardial contractility. See text for details. EDP and EDV are end-diastoUc pressure and volume, respectively.
ventricular function curve shifts upwards and to the left. In this experimental model, movement on a single ventricular function curve represents a change in cardiac performance resulting from alteration in resting fiber length (the Frank-Starling phenomenon), and movement from one ventricular function curve to another represents an experimental definition of myocardial contractility. It is implicit in the existence of such an infinite series of function curves that any intervention which causes an increase in inotropic state (i.e., a shift to a higher curve) will be manifest by increased ventricular performance with no change or an actual decrease in ventricular filling pressure (resting fiber length). This is illustrated in Figure 1 by the transition from point x on curve A to point y on curve B. Any proposed index of myocardial contractility must be sensitive to such a transition in regards to both direction and magnitude. On the other hand, increases in ventricular performance may also be accomplished by passive increases in ventricular filling pressure, as illustrated in Figure 1 by the transition from point x to point z, but such increases in performance are accomplished at a constant inotropic state since there is no shift to another curve. It follows then that any proposed index of myocardial contractility must be unaffected by passively induced alterations in resting fiber length (i.e., preload) if it is to tell us on which of the infinite series of ventricular function curves a given heart is operating.
During the past decade, an approach to the precise definition and measurement of myocardial contractility (level of the inotropic state) has been developed by applying concepts derived from the study of skeletal muscle mechanics by A. V. Hill (5) to cardiac muscle (6) (7) (8) (9) . Although this myocardial mechanics approach has been widely applied to the analysis of cardiac performance (8) (9) (10) (11) (12) (13) (14) (15) , recent evidence has cast doubt on the validity of certain indexes derived from it as specific measures of myocardial contractility (16) (17) (18) (19) . In particular, it has been stated that Vmax, derived in isotonic afterload papillary muscle preparations (16, 17) , and (dP/dt)/P, measured during the isovolumic phase of left ventricular systole (18, 19), are altered as dependent variables in response to passively induced changes in resting fiber length. If this is true then such indexes would be altered not only by changes in myocardial contractility (x-»y, Fig. 1 ) but also by physiological fluctuations on a single ventricular function curve (x-*z, Fig. 1) ; thus, they would fail to differentiate what Sonnenblick (20) has termed "changes in muscle activity due to myofilament overlap-that is, the Starling phenomenon-from changes in 'contractility' -that is, the non-length dependent changes in force and speed of contraction."
The present study was undertaken to examine certain indexes obtained by analysis of myocardial mechanics specifically with respect to the question of preload dependence.
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velocity during isovolumic systole has been discussed by Ross et al. (8) and Taylor et al. (9) and can be briefly recapitulated as follows. Assuming that cardiac muscle can be represented by a three-element model (6, 21) consisting of a contractile element, or force-generating mechanism, linked both in series and in parallel to undamped elastic elements, then during isometric contraction the velocity of contractile element shortening (dl^/dt) is equal in magnitude to the velocity of series elastic component lengthening (dl, e /dt).
Now there is experimental evidence (21) that the series elasticity is nonlinear and has the experimental form where T et is the series elastic tension and K, C, and C are constants. This equation may be differentiated to obtain
Combining Eqs. 1 and 3,
At this point, three further assumptions must be made. First, it is assumed that the tension of the muscle fiber is equal to T ae shortly after activation. For at least one proposed threeelement model, the Voigt model, this assumption is not rigorous without knowledge of the stressstrain characteristics of the parallel elastic component, which in part bears the resting tension and only transfers this tension to the series elastic component-contractile element complex once contractile element shortening is underway. Neglect of the parallel elastic component is at the heart of this assumption; this omission will be commented on subsequently.
The second assumption required at this point is that during isovolumic systole the ventricular radii of curvature, R x and R2, can be treated as constants in the Laplace relation, where T wall is myocardial wall tension and P is intraventricular pressure. Therefore from Eq. 3
where C" = 0 / ( 1 /^ + 1/R 2 ).
A third assumption frequently employed is that KP > > C" when P > 10 mm Hg and that contractile element velocity during the greater Ktsurch, Vol. XXXI, J*ly 1972 part of isovolumic systole can therefore be expressed as It can be seen from Eq. 7 that the experimentally measured variable (dP/dt)/P is multiplied by a scaling factor, 1/K, to give a continuous approximation of the velocity of contractile element shortening throughout isovolumic systole. Since the value of K is unknown for the intact heart, it was elected not to use a value of K in this study (i.e., to arbitrarily set K equal to unity) and to report only the experimentally determined quantity (dP/dt)/P, whose units are seconds" 1 . When (dP/df)/P measured during isovolumic systole is plotted as the ordinate against P as the abscissa, a modified force-velocity plot is obtained. Ideally, contractile element force should be plotted as the abscissa, since we are plotting an assumed measure of contractile element velocity, (dP/dt)/P, as the ordinate. However, contractile element force cannot be determined directly, and its indirect calculation from T ae or T wall requires a knowledge of the stress-strain characteristics of the parallel elastic component. Most investigators have used muscle fiber tension (T w , u for the intact ventricle) as an approximation of contractile element force, assuming that resting force is rapidly transferred from the parallel elastic component to the contractile element-series elastic component complex following activation. Since intraventricular pressure, P, is linearly related to wall tension during the isovolumic portion of ventricular systole, the plot of (dP/dt)/P as the ordinate against P as the abscissa can now be seen, on the background of many assumptions, as a modified force-velocity relation for the intact heart. Such modified force-velocity relations have been studied by several investigators (12-15, 18, 19, 22 ) and the experimental plots have the general configuration of the three curves shown in Figure 2A . Force-velocity curves obtained by the previously reported logarithmic amplifier technique (22) are continuous representations of dlogP/dt ( = [dP/dt]/P) against simultaneous P and are characterized by an early peak, herein referred to as [ (dP/dt)/P]max, followed by a curvilinear decay in (dP/di)/P as systole progresses.
Neglect of the parallel elastic component has been one of the weak points in the mathematical analysis of myocardial mechanics in the intact heart as thus far described. In recognition of this, a further modification to the study of forcevelocity relations in the intact heart has been introduced by Urschel concept of developed pressure. Developed pressure, P D , has essentially the same significance as developed tension and is the total intraventricular pressure (P T ) minus the resting or end-diastolic pressure (PBD)-The voltage clamp device described later in this paper was devised to convert the P T signal, coming from a left ventricular pressure transducer, into P D by subtracting out P BD (defined here as ventricular pressure at the peak of the R wave of the electrocardiogram). The theoretical advantage of P D over P T is that it represents a correction for the varying resting tensions contributed by the parallel elastic component Finally it should be emphasized that the modified force-velocity relations obtained by this approach are constructed with ventricular pressure, rather than ventricular wall tension or stress, as the abscissa. Since large changes in enddiastolic volume can be assumed to have occurred during the interventions illustrated in Figures 2 and 3, curves constructed with wall tension measurements as the abscissa would differ considerably from those constructed from pressure measurements, according to the Laplace relation, and would show progressive increases in both total and developed tension with increasing preload. However, Vmax, the extrapolated value of (dP/dt)/P at P -» 0 , and [(dP/d*)/P]max, the peak value of (6P/dt)/P actually achieved during a given cardiac contraction ( Fig. 2A) , are mathematically independent of the absolute values of ventricular wall stress. For example, knowledge of ventricular dimensions during isovolumic systole would permit determination of a conversion factor whereby pressure measurements could be converted into wall tension measurements. Such a conversion factor would Figure 2 , except that LVEDP = left ventricular end-diastolic pressuredetermine the wall tension at which [(dP/dt)/P]max occurs but would have no effect on the magnitude of [ (dP/dt) /P]max. Similarly, application of such a correction factor would shift each point on the pressure-constructed phase plot by an amount proportional to the magnitude of the pressure at that instant but would not affect Vmax. Similar pressure-constructed phase plots have been studied by Mason et al. (12) and Wolk and co-workers (13) , who have also pointed out that Vmax extrapolated from such plots is of necessity identical with that extrapolated from force-or tension-constructed plots.
DOG STUDIES
Studies were conducted on seven healthy mongrel dogs, weighing between 19 kg and 24 kg, anesthetized with chloralose (80 mg/kg, iv). Respiration was controlled: 40% oxygen was delivered through an endotracheal tube connected to a Harvard respiratory pump set at 12-16 respirations/min. Heart rate was maintained constant by atrial pacing with an SD5A Grass stimulator in all experiments. In four dogs, left ventricular pressure was measured through a short (4-inch) 14-gauge semirigid Teflon needle inserted into the apex of the left ventricle and connected directly to a Statham P23Db pressure transducer without intervening tubing. In three dogs, left ventricular pressure was measured by a high-fidelity catheter-tip manometer (SF-1) CircuUiion Resurcb. Vol. XXXI, July 1972 passed retrograde from the right carotid artery into the left ventricular chamber. Aortic pressure was measured with a Statham P23Db transducer connected directly to a standard (no. 8 French) catheter, the tip of which was fluoroscopically positioned in the ascending aorta. Recordings were made on either an Electronics-for-Medicine DR-8 photographic recorder or a Sanborn 560 polybeam recorder.
An on-line record of (dP/dt)/P was obtained as previously described; the left ventricular pressure signal was fed into the input of a logarithmic amplifier (22), and the resultant signal (lnP) was electronically differentiated to obtain dlnP/df, which is identical with (dP/df)/P. Similarly vector plots of (dP/dt)/P on the ordinate against P on the abscissa were obtained by using the vector-loop capabilities of the Electronicsfor-Medicine recorder or by using a simple x-y oscilloscope (Hewlett-Packard model 1208A) when operating with Sanborn equipment. Measurements were obtained using both total and developed pressures as the input to the logarithmic amplifier circuit. Developed pressure, P D , represents the ventricular pressure, P, minus the end-diastolic pressure, PBD> as discussed above. which clamped the left ventricular pressure signal (before it was fed into the logarithmic amplifier circuit) to a fixed base-line reference voltage at the peak of the R wave of the electrocardiogram. The reference voltage was identical to the zeropressure base line, so that end-diastolic pressure, defined here as left ventricular pressure at the peak of the R wave, essentially was subtracted from the left ventricular pressure signal for each beat. Calibration of dP/dt and (dP/dt)/P was obtained by feeding a known ramp signal of linear slope into the differentiating and logarithmic amplifier circuits and measuring the amplitude of their response.
In this study we examined: (1) [(dP/dt)/P]max, the peak value of (dP/df)/P achieved during a given cardiac contraction, (2) phase plots of (dP/dt)/P on the ordinate against P on the abscissa for both total and developed left ventricular pressure, and (3) Vmax for both total and developed left ventricular pressure, obtained from phase plots of (dP/df)/P vs. P. The theoretical significance of these indexes and the assumptions implicit in their derivation are discussed above.
Determination of Vmax from such phase plots was made as follows. With total pressure, phase plots of (dPfdt)/P on the ordinate against P on the abscissa were in general inversely curvilinear after the inscription of [(dP/dt)/P]max ( Fig.  2A) . However, the shape of the inverse curve between [(dP/df)/P]max and aortic valve opening varied from a nearly linear inverse relation to a shallow concave-upward curve. For this reason, we have followed the technique of Wolk et al. (13) and Mason et al. (12) whereby extrapolation of the curve to the velocity axis intercept (Vmax) was accomplished by hand and consisted of a smooth extension of the best line drawn through the inverse portion of the experimentally obtained phase plot Although some authors perform the extrapolation to Vmax mathematically, using the Hill equation, recent experiments (16) have cast doubt on the applicability of this equation to heart muscle.
For phase plots of (dP/dt) /P, using developed pressure, extrapolations to Vmax were made as they were for total pressure curves, except that only that portion of the curves beyond P = 10 mm Hg was used (Fig. 2B) . The earlier segment (where P < 10 mm Hg) was excluded following the approach of Urschel et al. (18), who have pointed out that only at pressures above P = 10 mm Hg can the constant C" in Eq. 6 be neglected.
The reproducdbility from beat to beat of Vmax (for both total and developed pressures) as determined by the technique outlined was ±10*.
Prior to all dog studies, both vagi were isolated in the neck and completely severed. Beta-receptor blockade was induced with sotalol (MJ 1999 ) 2 (2 mg/kg, iv). Alterations in left ventricular preload were then induced by intravenous infusions of dextran (infusion rate 50-100 ml/min) or homologous whole blood (50 ml/min). Measurements of left ventricular and aortic pressures, left ventricular dP/dt, and (dP/dt)/P were made continuously during infusion. Four of the dogs were studied with their chests and pericardial sacs opened, and three were studied with their chests and pericardiums closed. Phase plots of (dP/dt)/P on the ordinate against P on the abscissa for both P T and P D were obtained before and at 60-second intervals during infusion.
PATIENT STUDIES
Measurements of maximum dP/dt, total pressure [(dP/df)/P]max, left ventricular, aortic, and pulmonary artery pressures, and phase plots of (dP/dt)/P on the ordinate against P on the abscissa, using developed pressure, were made on eight patients during the course of diagnostic cardiac catheterization.
Measurements of left ventricular pressure were made with catheter-tip micromanometers, and all force-velocity data were obtained using the same electronic circuitry described under "Dog Studies." Recordings were made on either an Electronics-for-Medicine DR-8 photographic recorder or a Sanborn 580 polybeam recorder. The age, sex, and cardiac diagnosis of the patients are summarized in Table 2 . Alterations in preload were produced by sudden passive elevation of the legs to a right angle to the trunk, which remained supine. Phase plots of (dP/dt)/P on the ordinate against P on the abscissa and corresponding values of Vmax, using developed pressure, were made in the control state and 10, 30, and 60 seconds after the legs were raised. A continuous record of left ventricular, aortic, and pulmonary artery pressures, left ventricular dPjdt, and total pressure [(dP/di)/P]max was made throughout the time the legs were elevated.
Results
DOG STUDIES
The effects of increases in preload, produced by intravenous infusion of dextran or homologous whole blood, on total pressure left ventricular [(dP/d<)/P]max, total pressure Vmax, and developed pressure Vmax are summarized in Table 1 .
TABLE 1
Effects of Preload Elevation on Total Pressure [(dP/dl)/P\max and Other Hemodynamic Variables
Chest and pericardium were open in the studies on dogs 1-4 and intact in dog» 5-7. Heart rate was maintained constant with atrial pacing. LVEDP = left ventricular end-diastolic pressure.
•Infused with homologous whole blood rather than with dextran. expressed either in absolute values or as percent of control yielded an inverse relation with r values of -0.540 (P = 0-008) and -0.594 (P = 0.003), respectively. In one dog (dog 5, Table 1) there was an initial increase in total pressure [(dP/df )/P]max as left ventricular enddiastolic pressure rose from 0 to 3 mm Hg with dextran infusion. In association with this there was also a significant increase in mean aortic pressure. Since continued dextran infusion from left ventricular end-diastolic pressures of 3 mm Hg to 18 mm Hg was associated with the same progressive decline in total pressure [(dP/dt )/P]max noted in all other dogs, the early increase in total pressure [(dP/dt)/P]max in dog 5 might well have reflected initial dehydration and hypovolemia.
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Dog
Total pressure Vmax, measured in four experiments, similarly declined as left ventricular end-diastolic pressure was progressively raised by infusions of dextran or whole blood (Table 1) . Regression analysis of left ventricular end-diastolic pressure against total pressure Vmax, expressed as percent of control, again showed an inverse relation, with f =-0.766 (P = 0.006). An example of the effects of progressive preload elevation with dextran infusion on Vmax and the pressurevelocity relation for total pressure is shown in Figure 2A . Here it can be seen that the depression of total pressure Vmax is associated with a lowering of the early portion of the pressure-velocity curve.
Measurements of Vmax, using developed pressure, were obtained in only two experiments. In each of these studies, developed pressure Vmax was unchanged following increases in left ventricular preload (Fig, 2B) .
In the dog studies just described, measurements of myocardial mechanics using total left ventricular pressure failed to be preload independent, but data in two dogs suggested that such measurements obtained using developed left ventricular pressure might prove to be preload independent. This was pursued in the patient studies described next.
PATIENT STUDIES
The effects of sudden passive elevation of the legs in eight patients on left ventricular end-diastolic pressure, total pressure [(dP/d*/P)]max, developed pressure Vmax, maximum dP/dt, and other hemodynamic variables are summarized in Table 2 . Sudden passive elevation of the legs produced a prompt, transient, significant increase in left ventricular end-diastolic pressure in all patients with a mean increase from 8.2 ± 2. In sharp contrast to this inverse relation, developed pressure Vmax was unaffected by these shifts in preload and had a mean value of 57.6 ± 23.6 seconds" 1 at rest, 59.3 ± 25.2 seconds" 1 at 5-10 seconds, and 56.5 ± 24.8 seconds" 1 at 30-60 seconds after sudden elevation of the legs. An example of this can be seen in Figure 3 , which shows pressure-velocity curves obtained using developed pressure at various levels of left ventricular end-diastolic pressure during sudden elevation of the legs.
There were no significant changes in heart rate, mean aortic pressure, or maximum dP/dt, but mean pulmonary artery pressure increased significantly from 14.3 ± 4.2 mm Hg at rest to 19.5 ±5.9 mm Hg at 5-10 seconds following sudden elevation of the legs (P = 0.0
Discussion
The most significant observation made during the course of the present investigation was the striking difference between indexes of Circulation R,s*,rcb, Vol. XXXI, Jtd, 1972 myocardial contractility measured using total pressure and those measured using developed pressure in response to induced alterations in left ventricular preload. Although pressurevelocity curves and the corresponding Vmax measured with total pressure failed to be preload independent, similar measurements made using developed pressure were consistently independent of alterations in left ventricular filling pressure throughout the physiological range. These results in both man and dogs confirm the initial report of Urschel et al. (18) and the recent study by Mehmel and colleagues (19) and raise serious doubts as to the validity of any myocardial mechanics analysis made with total pressure (8) (9) (10) (11) (12) (13) (14) (15) in the evaluation of myocardial contractility.
In contemplation of these findings it should be recalled that studies of myocardial mechanics using total rather than developed left ventricular pressure involve an implicit neglect of the contribution of parallel elasticity to resting force. In the present study, correction of ventricular pressure for the degree of resting force and the corresponding analysis of myocardial mechanics obtained with the corrected or developed ventricular pressure showed a preload independence not found for the uncorrected or total pressure data.
It should be emphasized that this investigation does not purport to establish developed pressure myocardial mechanics as a totally validated approach to analysis of myocardial contractility. No attempt has been made here to evaluate the relative sensitivity of this approach to changes in the inotropic state (i.e., changes from x-»y, Fig. 1 ), although others have found that developed pressure Vmax reliably reflects the level of myocardial contractility (18). This study does, however, tend to support the concept of developed pressure Vmax as an index of myocardial contractility by demonstrating that it appears to be uninfluenced by alterations in preload. The usefulness of this index in comparing one patient with another has yet to be examined, as has the correlation of such measurements with other measures of left ventricular perforCirctdttion Research, Vol. XXXI, Jtdy 1972 mance (stroke volume, ejection fraction, etc.).
In criticism of this investigation, it might be argued that the decline in total pressure [(dP/d£)/P]max which accompanied the passively induced increases in left ventricular end-diastolic pressure in our patients was mediated by reflex withdrawal of sympathetic tone and a corresponding true decline in contractile state of the left ventricular myocardium. However, similar decreases in [(dP/df)/P]max and total pressure Vmax occurred with preload elevations in the dog experiments in which autonomic reflex changes had been blocked by cervical vagotomy and beta-receptor blockade. Furthermore, in the patient studies changes in left ventricular preload were rapidly induced, within the physiological range, and were not accompanied by significant changes in heart rate or mean aortic pressure.
A second potential criticism of the present study is that the phase plots from which indexes of myocardial mechanics were calculated employed ventricular pressure as the ordinate rather than ventricular wall tension or average mid-wall stress. Since large changes in left ventricular end-diastolic volume can be assumed to have occurred during the dextran infusions, curves constructed using wall tension measurements would differ considerably from those obtained in this study. In this regard, it should be pointed out that the indexes examined in this study, Vmax and [(dP/dt)/P]max, are mathematically independent of the absolute values of ventricular wall stress, as discussed in detail under "Theoretical Considerations."
A third potential criticism of the present study lies in the fact that three of the eight patients studied had valvular regurgitation. Since appropriate time-volume studies by cineangiography were not performed, the duration of isovolumic systole was unknown in these patients. However, it should be pointed out that, although the theoretical derivation of (dP/dt)/(KP + C) as detailed above requires a period of isovolumic contraction for (dP/dt)/(KP+ C) to be 
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Values listed at 5-10 seconds, 30 seconds, and 60 seconds after control represent measurements taken at those interval after sudden passive elevation of the legs to a right angle with the. trunk, which remained supine. LVEDP =• left ventricular end-diastolic pressure. P values are based on f-test for paired data, difference from control value. mathematically related to V ce , any measurement which is both sensitive to interventions known to alter the inotropic state and unaffected by alterations in resting cardiac muscle fiber length might well be regarded as a contractility index, whatever its mathematical formulation. Furthermore, there is some evidence (14) that in patients with valvular insufficiency significant changes in left ventricular geometry do not occur prior to the inscription of total pressure [(dP/dt)/P]max or the initial portion of the pressure-velocity curve obtained using developed pressure, which is used in the extrapolation of Vmax.
In this study consistent shifts in maximum dPfdt were not observed in response to variations in cardiac filling pressure, although this has been reported by others. Since the alpha-receptor system was intact in all our experiments, it is possible that the relative constancy of maximum dP/dt resulted from reflex changes in peripheral vascular resistance which acted to maintain a constant aortic pressure. We have not examined this possibility and cannot comment on it further. However, since Vmax and [(dP/dt)/P]max are not derived from maximum dP/dt, but rather from simultaneous values of dP/dt and P that occur well before maximum dP/dt is inscribed, this relative constancy of maximum dP/dt should have had no direct influence on the observations reported above.
Leg raising in the patient studies may move the abdominal viscera upwards and possibly influence intrapleural pressure in this fashion. Although this might make changes in left ventricular end-diastolic pressure artifactually high, the time course of the changes (Table  2) is more suggestive of an acute redistribution in blood volume. Further, similar effects on myocardial mechanics indexes were seen in both patient and dog studies, and in the latter intrapleural pressure can be assumed to have been constant.
A wide range in the magnitude, of developed pressure Vmax was observed in the patient studies. The lowest value was noted in the patient who had the highest resting left ventricular end-diastolic pressure. In the remaining patients, developed pressure Vmax averaged 65 seconds" Finally, if developed pressure (df/dt)/P and Vmax obtained from it are composite functions of both inotropic state and series elasticity then changes in developed pressure Vmax may reflect alterations in either inotropic state or series elasticity, or both. Until a method is devised for measuring series elastic properties in the intact heart, it will not be possible with certainty to interpret measurements such as those made in the present investigation as pure indexes of cardiac muscle tone or contractility.
